The use of rabbits for the experimental study of the virus of encephalitis lethargica and allied conditions has been instrumental in directing attention to the existence of peculiar brain lesions first noted in these animals by Bull ~ and later by Oliver 2 who indicated the importance of securing definite information regarding their etiology. These lesions are disturbing factors for the reason that, although no signs of disease can be detected clinically, they are nevertheless to be found in about 60 per cent of ordinary stock rabbits considered as normal (McCartney3). Protozoan-like parasites have been observed to be associated with them by Wright and Craighead* and other investigators ?, 6 The observations that we wish to describe briefly in this paper relate to the existence of similar lesions and parasites in apparently healthy laboratory mice.' In making our comparisons we have been able to supplement published accounts having reference to the rabbit with actual preparations which we have compared directly with the mouse material, lesion by lesion and parasite by parasite. For this privilege we wish to thank Dr. E. W. Goodpasture for his 1 Bull, C. G., J. Exp. Med., 1917 , xxv, 557. Oliver, J., J. Infect. Dis., 1922 , xxx, 91. 8 McCartney, J. E., J. Exp. Med., 1924 Wright, J. I-I., and Craighead, E.-M., J. Exp. Meal., 1922, xxxvi, 135. 5 Doerr, R., and Zdansky, E., Sdnveiz. reed. Woch., 1923, liii, 349. 6 Levadifi, C., Nicolau, S., and Schoen, R., Compt. rend. Acad., 1923, clxxvii, 985. 7 Cowdry, E. V., and Nicholson, F. M., J. Am. Meal. Assn., 1924, lxxxii, 545. 51 courtesy in allowing us to examine his preparations of rabbit brains; Dr. Brown, Dr. Pearce, and Dr. McCartney for allowing us to study, in cooperation with Dr. Olitsky, their extensive collection of rabbit material for parasites; and Dr. Laura Florence for her kindness in permitting us to study her sections of rabbit kidneys containing the parasites.
The Lesions.
The lesions (Figs. 1 to 6) were found in twenty-five out of a total of 132 mice examined histologically ;8 that is to say, in about 19 per cent. Eight of these twenty-five animals were to all appearances normal. The remainder had been used in the Institute for various experiments, s Focal infiltrations were most frequently met with and perivascular, meningeal, and subependymal infiltrations were seldom seen in their absence. It was, on the other hand, a common experience to find focal infiltrations when the other varieties were dif~cult to detect.
The infiltrations were observed in all parts of the brain from the tips of the olfactory lobes to the first cervical segment (and probably extend down the spinal cord), but they were encountered most frequently in the cerebral cortex and least frequently in the cerebellum. The perivascular infiltrations seemed particularly prone to occur in the hippocampus, while the subependymal proved to be more characteristic of the lateral ventricles than of the third or fourth ventricle.
8 The mice were intentionally collected from a variety of sources in order to increase the likelihood of finding an infected strain. 78 of them were to all appearances normal and included specimens of different ages. The remaining 54 had been employed in the Institute in studies upon botulism, mouse typhoid, transplantable tumors, and for other experimental purposes. As a routine procedure we fixed the brains in Zenker's fluid (without acetic acid), and mounted as many serial sections on the slides as we could fit under a 24 by 60 ram. cover-glass. A few of the brains were cut into complete serial sections, while in the others serial sections were taken at the following levels: (~1) olfactory bulbs, (2) optic chiasma, (3) corpora mammillaria, (4) corpus trapezoideum, and (5) decussation of the pyramids. The sections were usually colored with Giemsa's stain, but methyl violet and other special dyes were also used for the parasites, of which the fuchsin and methylene blue method advised by Wright and Craighead gave the most satisfactory results.
The use of serial sections and rough methods of reconstruction led to the observation that a definite topographic relationship exists between the meningeal, perivascular, and focal types. In many cases, both in the cerebral cortex as well as in the medulla oblongata, it was possible to trace complete continuity between a meningeal infiltration on the surface, its extension into the brain substance as a perivascular infiltration about a penetrating blood vessel, and its termination as a focal lesion either at the end of the vessel or to one side of it. For example, a meningeal infiltration of this kind penetrating along a blood vessel into the cortex is illustrated in Fig. 5 . Serial sections showed that this perivascular lesion was directly continuous with a focal lesion situated more caudally. This gradation between perivascular and focal lesions is also indicated in Fig. 2 . Subependymal lesions were likewise seen in connection with those of the perivascular variety. The perivascular infiltrations extended, in the majority of cases, along a considerable length of the vessels involved. Sometimes corresponding vessels on either side of the brain were found to be in sharp contrast, one being surrounded by a dense collar of cells, the other remaining entirely free from them.
The same kinds of cell were found to participate in the infiltrations quite irrespective of their location (meningeal, perivascular, focal, or subependymal). In all our specimens lymphocytes predominated, but a few plasma cells and macrophages were also noted. The latter were particularly numerous at the centers of the focal lesions in the presence of slight necrosis and in the absence of lymphocytes, which were clumped about the periphery (Fig. 8) . In none of the lesions were polymorphonuclear leucocytes abundant. Very little cytoplasmic or nuclear d6bris was to be seen.
The youngest animal in which an infiltration was noted (Fig. 3 ) was only 2 days old, but we have some hesitancy in definitely including this lesion in our series as no parasites were found. Both lesions and parasites were abundant in another mouse of 3 weeks which was one from a litter of six. It was noted that none of the remaining five mice showed signs of infection, although they had lived from birth in the same jar with it under almost identical conditions. Similarly only one of a group of twenty mice, 1 month old, exhibited lesions in spite of the fact that the others were reared under the same conditions and were presumably equally liable to infection. On the other hand, four mice which were 1/ept for a short time in association (receiving doses of botulinus toxin) all showed the lesions and one of them parasites as well. But it was the exception rather than the rule for all mice held in close association under like conditions to exhibit these meningoencepha]itic lesions. Both lesions and parasites were also observed in mature mice. We were unable to observe any definite clinical symptoms,--except in one case in which the lesions were localized in the cerebellum,--but it is possible that if the percentage involved had been a greater one, and if the mice had been held under observation for a longer period of time, some deviation from their normal behavior might have been detected.
The Parasites.
The parasites (Figs. 7 to 12) were detected in the brains of 20 per cent of the mice which exhibited the meningoencephalitic lesions and were never seen in brains in which the lesions could not be found. They were closely associated with all types of infiltration, except the meningeal, and it is not improbable that further search would have revealed them in the meninges also. Their much greater tendency to accumulate in focal areas rather than in prominent perivascular infiltrations,--where, however, they do occur (Fig. ll) ,--may be explained on the hypothesis that they escape more easily from the blood vessels of finer caliber. The presence of parasites is thus another point of correspondence between the different topographic varieties of infiltration. But many parasites were also found some distance away from the lesions and surrounded by fibers, nerve cells, neuroglia, and capillaries which showed no reaction at all to their presence. In these positions, however, it was observed that the parasites did not occur singly between the cells and fibers, or within the cytoplasm of macrophages, but were always clumped in fairly large masses walled off from the surrounding tissue by a membrane or pseudomembrane (Figs. 7, 9 to 12). These masses were also frequently noted about the periphery of areas of infiltration. In some of these "cysts," as they are called, in the rabbit, by Levaditi, Nicolau, and Schoen, 6 the parasites were closely wedged in together, while in others they were scattered apparently in suspension in a fluid which was evidently under some pressure during life. As many as six cysts may occur in close apposition as represented in Fig. 7 . One very characteristic element i~ this cyst formation was the presence at one side of the cyst of a large nucleus with a rim of cytoplasm which was greatly compressed and sometimes pycnotic. This is shown in Figs. 9, 10, and 12. From the size relations and the presence of large, solitary, and well formed nucleoli, it seemed clear that we were dealing with greatly distorted nerve cells. Unfortunately the evidence which we collected was conflicting as to whether, in these cases, the parasites were actually intrace|lular. We were not able to find what we could regard as early stages in the invasion of nerve cells, that is to say a variable number of parasites embedded in the cytoplasm in relation to the Nissl substance; but we did observe, on several occasions, a few scattered parasites close to the margins of the cells which raised the alternative hypothesis that the parasites might accumulate in the perineuronal spaces and, by distending them, bring about the pressure atrophy of the cells already alluded to. Against this view was the significant observation, derived through the study of serial sections, that there is no continuity between the contents of neighboring cysts, like those illustrated in Fig. 7 , any more than there is between the contents of adjacent nerve cells; whereas the perineuronal spaces, unless greatly modified, would certainly exhibit some degree of continuity.
The shape of the parasites was found to be subject to some slight variation, but they were usually observed in the form of straight or slightly curved rods. Measured in stained preparations after Zenker fixation, these rods were, on an average, from 1.8 to 2 microns in length and from 0.5 to 0.8 micron in diameter. In other words, they were two er three times as long as they were broad. Both ends were bluntly and uniformly rounded. Very rarely were pear-shaped parasites seen, or forms with pointed ends. The parasites stained blue by Giemsa's method, pink with eosin, intensely red with fuchsin, and were somewhat resistant to decolorization by Gram's method.
They exhibited marked internal organization in the possession of a well defined mass of material which stained intensely by both acid and basic dyes. Usually this was of spherical shape and was located roughly at a point distant from one extremity by about one-third Internal organization.
Distribution.
Incidence.
Mice.
A single nuclear-like mass at junction of middle and outer thirds or two, one at each end.
Free and within macrophages areas of infiltration as well as in cysts which, in addition to being associated with infiltrations, were found in other parts of the brain which exhibited no reaction to their presence. Cysts were often bounded to one side by l I single large flattened nuclei suggesting accumulation of the parasites within nerve cells.
No lesions or parasites were seen in the kidneys although 216 mice were examined macroscopically for lesions and 20 microscopically for parasites. 3.7 per cent in 132 mice. Never in animals without lesions.
Rabbits.
One or two lightly staining areas (Wright and Craighead). Nuclear-like differentiations in middle or at either pole (Doerr and Zdansky). Protoplasmic body with grains of chromatin enclosed by a membrane (Levaditi, Nicolau, and Schoen). Apparently exactly the same, even to the probable accumulation within nerve cells, as may be seen by comparing our illustrations with those of the above mentioned authors. '
Parasites noted in the kidneys by all of these three groups of investigators.
2.6 per cent in 224 rabbits, never in animals without lesions (Doerr Zdansky10). 1.5 per cent in 200 rabbits examined by us, in cooperation with Dr. Olitsky, but never in animals without lesions, u of the total length of the parasite, as is clearly represented in a parasite near the left-hand margin of Fig. 7 and in another slightly to the right of the center of Fig. 8 . Occasionally this nuclear-like mass was divided into two parts, one located at either end of the parasite. Sometimes approximately one-half of the parasite stained strongly, the other half very lightly. In all cases a fairly definite membrane limited its protoplasmic contents. This membrane was most readily visible after staining by Giemsa's method.
Comparison of Lesions and Parasites with Those Reported in the Rabbit.--The parasites called to mind so forcibly certain photographs
published by Wright and Craighead of protozoan-like organisms in young rabbits, which we have already referred to, that we sent some of our specimens to Dr. Wright who expressed himself as convinced that the parasites which we have found in mice are the same as those which he and Craighead discovered in rabbits, n We have set forth in Table I a comparison of both lesions and parasites in the two animals.
DISCUSSION.
Evidently the association between the presence of protozoan-like parasites and of infiltrative lesions which has recently been discovered in the rabbit brain, in the absence of any distinctive clinical symptoms, also obtains in mice and perhaps in other laboratory animals. 13
Levaditi, Nicolau, and Schoen 6 are of the opinion that, in rabbits, the parasites cause the lesions and propose the term "Encephalitozoon Since this paper was submitted for publication, the brains from a series of 105 guinea pigs and 114 white rats have been surveyed systematically. Selection of animals and fixation, staining, serial sectioning, and examination o[ tissues for lesions and parasites were similar to those described for the study of the rabbits and mice herein given. Of the 105 guinea pigs, four, or 0.038 per cent, were found to have lesions. Three of them showed focal and one meningeal infiltrations. Focal infiltration was observed in but one, 0.0087 per cent, of the 114 rats. In none of them were there found parasites like those associated with lesions in the other animals.
cuniculi," to indicate this hypothesis. As evidence, they present the observation that the lesions and parasites are to be found in the brains of rabbits which have received inoculations with the viruses prepared by Kling, by Thalhimer, and by other investigat6rs. Unfortunately their experiments are not published in detail but we note that they allowed 14a~ a period of from 100 to 150 days to elapse between the time of inoculation and the date when the animals were finally sacrificed and examined microscopically. Since we know, from the observations of Wright and Craighead, that the parasites escape with the urine, and are presumably taken in with the food, there is the possibility that infection took place independently of the inoculations, unless Levaditi, Nicolau, and Schoen were careful to select the rabbits from a stock proved to be free from lesions and parasites, and unless they maintained a strict quarantine during the experiments.
From the fact that laboratory mice are infested by the same parasites-or by others belonging to a nearly related species, because slight differences may be brought to light when the life cycles become known--it follows that similar difficulties will be encountered in ascertaining the precise relationship between the parasites and the lesions. In both animals the parasites are less frequently met with than the lesions, which calls to mind the observation by Smith and Johnson 16 of somewhat similar infiltrations in the kidneys of mice which they considered to be old foci of invasion by KlossieUa muris and later abandoned by them. 17 Since the parasites were originally discovered by Wright and Craighead in young rabbits and we have found them in mice only 3 weeks old, it is possible that, like Klossiella muris, they may excite lesions which persist after their own disappeaxance. This would explain the large percentage of adults showing lesions as contrasted with the small percentage exhibiting parasites.
14 Levadit/, C., Nicolau, S., and Schoen, R., Compt. rend. Soc. biol., 1923, lxxxix, 984. 16 LevadJti, C., Nicolau, S., and Schoen, R., Compt. rend. Soc. biol., 1923, lxxxix, 1157.
le Smith, T., and Johnson, H. P., J. Exp. Med., 1901--05, vi, 303. 17 We are indebted to Dr. Smith for the information that the parasites with which we are concerned are not Klossiella muris.
But from the standpoint of histopathology the lesions are not very distinctive. They have the appearance of being chronic and resemble in some respects the infiltrative lesions of syphilis and of lethargic encephalitis as well as others recently reported by Paulus, 1~ by Semerak, 19 and by Warthin, ~° under the heading of botulism. Though the parasites may be capable of producing them, and probably actually do so in many cases, it must be admitted that the evidence at hand does not preclude the possibility of the operation of other factors; for it is quite conceivable that infiltrative lesions of this general category, in which lymphocytes predominate, may arise in more than one way. The laboratory animals concerned are subject to several diseases which have not as yet been definitely excluded as causal factors. McCartney's observation that the lesions are present in 76 per cent of rabbits ill with snuffles as compared with an incidence of 55 per cent in apparently healthy animals indicates that we may have several influences at work simultaneously-in other words that the lesions may be more likely to appear in animals whose vitality is temporarily reduced. McCartney has further noted that the lesions are more numerous in rabbits "suffering from miscellaneous diseases such as pneumonia, septicemia, and subcutaneous abscesses."
Our experience has been the same with mice. We found lesions in 10 per cent of "normal" animals and in 31 per cent of animals employed in the laboratory for different experimental purposes. 8 In connection with this discussion of etiology mention may also be made of the suggestion that the lesions may be caused by the action of a filter-passing virus.2~, ~ A peculiar fact, noted by Oliver, is that the disease in rabbits has apparently not been of constant duration. He found, for example, lesions in 20 per cent of the rabbits examined in 1921, although Dr. E. C. Dickson did not meet with them in 60 rabbits from the same stock room, examined in 1917. It is interesting also that Kling, 19 Paulus, E. A., J. Psychol. u. Neurol., 1915 , xxi, 201. ~o Semerak, C. B., J. Infect. Dis., 1921 , xxix, 190. ~x Warthin, A. S., Tr. Assn. Am. Phys., 1922 . ~ Twort, C. C., Vet. J., 1922, lxxviii, 194 . ~ Twort, C. C., and Archer, H. E., Lancet, 1923 Lancet, , i, 1102 Davide, and Liljenquist 23 examined 196 rabbits in Stockholm without finding any trace of encephalitis. This lends color to the theory that the disease in mice, as well as in rabbits, living under laboratory conditions, may be of relatively recent origin and in turn offers a plausible explanation of the failure of earlier workers to observe lesions which are so noticeable and parasites which are so large and easily stained. The more is this likely since these two animals have been subjected to the close and constant scrutiny of neurologists working upon brain architecture in all parts of the world for nearly a century. A natural line of inquiry is to be found in the study of wild rabbits and mice but no progress has been reported in this direction.
CONCLUSIONS.
A small proportion of laboratory mice, which appear to be normal, are in reality suffering from an obscure disease characterized by the presence of marked meningoencephalitic lesions which are often accompanied by protozoan-like parasites.
Both the lesions and the parasites closely resemble others previously reported in rabbits, which likewise fail to reveal themselves by pronounced clinical symptoms.
In the absence of direct experimental evidence it is suggested either that one species of parasite is capable of producing the lesions in both animals, or else that we have to do with two kinds of parasites which are closely related and, in the stages thus far observed, are indistinguishable one from the other. EXPLANATION FIo. 3. Small area of infiltration into peripheral layer of brain substance in a mouse 2 days old (No. 2). Zenker, Giemsa. X 220.
s3 Kling, C., Davide, H., and Liljenquist, F., Compt. rend. Soc. biol., 1924, xc, 
